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Method for Forming a Fuel Cell Electrode Using a Resole Binder 

Cross-References to Related Applications 
[0001] This application claims benefit from U.S. Provisional Patent Application 
No. 60/394,681 filed July 9, 2002. 

Statement Regarding Federally Sponsored Research 
5 [0002] Not Applicable. 

Background of the Invention 

1. Field of the Invention 

[0003] This invention relates to a method for forming an electrode for a fuel 
cell. More particularly, this invention relates to a method for forming an electrode 
10 for a fuel cell wherein the method uses a resole resin binder that serves to 
increase the operating life of the electrode. 

2. Description of the Related Art 

[0004] One power generation system that has attracted widespread recent 
interest in the automotive industry is the low temperature fuel cell. One type of 

15 low temperature fuel cell is the polymer electrolyte membrane fuel cell which 
comprises a polymeric electrolyte membrane sandwiched between two 
electrodes, i.e., an anode and a cathode. The fuel cell generates electrical power 
by bringing a fuel into contact with the anode and an oxidant into contact with the 
cathode. The fuel is typically a hydrogen-containing material (for example, water, 

20 methane, methanol or pure hydrogen), and may be supplied to the fuel cell in 

liquid form or gaseous form, such as hydrogen gas. The fuel is introduced at the 
anode where the fuel reacts electrochemically in the presence of a catalyst on the 
anode to produce electrons and protons in the anode. The electrons are 
circulated from the anode to the cathode through an electrical circuit connecting 

25 the anode and the cathode. Protons pass through the electrolyte membrane 

(which is an electron insulator and keeps the fuel and the oxidant separate) to the 
cathode. Simultaneously, an oxygen-containing oxidant, such as oxygen gas or 
air, is introduced to the cathode where the oxidant reacts electrochemically in the 
presence of a catalyst on the cathode consuming the electrons circulated through 

30 the electrical circuit and the protons at the cathode. The halfcell reactions at the 
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anode and the cathode are, respectively: H 2 -> 2H + + 2e and 1 /40 2 + 2H + + 
2e — ► H 2 0. The external electrical circuit withdraws electrical current and thus 
receives electrical power from the cell. The overall fuel cell reaction produces 
electrical energy which is the sum of the separate halfcell reactions written above. 
5 [0005] Various processes are known for forming the fuel cell electrodes. For 
example, U.S. Patent No. 4,506,028 discloses a process in which a mixture of 
carbon fibers, a resin binder such as a powdery phenol resin, and a granular pore 
regulator are press-molded and cured to form an electrode. U.S. Patent Nos. 
4,666,755 and 4,687,607 disclose processes in which a mixture of carbon fibers, a 
10 resin binder such as a phenol resin, and a granular pore regulator are press- 
molded over a support web and cured to form an electrode. U.S. Patent No. 
4,814,307 discloses a process in which a dry blend of carbon fibers, a phenol 
resin binder, and a granular pore regulator are extruded, press-molded and cured 
to form an electrode. 

15 [0006] While the aforementioned processes for forming the fuel cell electrodes 
may be satisfactory, they do have certain disadvantages. For instance, these 
processes may use materials that produce a fuel cell electrode having less than 
optimal operating efficiency and life. Therefore, there is a need for a method for 
forming fuel cell electrodes wherein the method does not use materials that limit 

20 electrode operating efficiency or operating life. 

Summary of the Invention 
[0007] The foregoing needs are met by a method for forming a fuel cell 
electrode according to the invention wherein the method does not use materials 
that limit electrode operating efficiency or operating life. Specifically, it has been 

25 discovered that the presence of nitrogen compounds in the materials used in 

electrode manufacture interferes with the application and longevity of electrodes. 
[0008] In a method according to the invention, an electrically conductive 
material (e.g., graphite) and a solid grindable resole binder, which is essentially 
free of nitrogen and nitrogen-containing compounds, are mixed together to form a 

30 mixture, and the mixture is shaped into a sheet. The sheet is then heated to an 
elevated temperature above the softening temperature of the solid grindable 
resole binder, and held at the elevated temperature for a sufficient time period to 
consolidate the electrically conductive material and the resole binder to form the 
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electrode. Optionally, pressure may be applied to the mixture when shaping the 
sheet, and/or pressure may be applied to the sheet during heating. An 
electrocatalyst may then be applied to the electrode. The electrode may then be 
incorporated into a fuel cell. 
5 [0009] Therefore, it is an advantage of the present invention to provide a 

method for forming fuel cell electrodes wherein the method does not use materials 
that limit electrode operating efficiency or operating life. 

[0010] It is another advantage of the present invention to provide a method for 
forming fuel cell electrodes wherein the method does not use materials including 
10 nitrogen or nitrogen-containing compounds that limit electrode operating efficiency 
or operating life. 

[0011] It is still another advantage of the present invention to provide a method 
for forming fuel cell electrodes wherein the method uses a resole resin binder that 
is free from nitrogen and nitrogen-containing compounds. 

15 [0012] These and other features, aspects, and advantages of the present 
invention will become better understood upon consideration of the following 
detailed description and appended claims. 

Detailed Description of the Invention 
[0013] The present invention provides a method for forming a fuel cell 

20 electrode. The method comprises combining an electrically conductive material 
and a solid grindable resole binder, the binder being essentially free of nitrogen 
and nitrogen-containing compounds, and consolidating the electrically conductive 
material and the resole binder to form the fuel cell electrode. The use of a solid, 
grindable, nitrogen-free and nitrogen-containing compound-free resole resin 

25 binder serves to increase the operating life of the electrode. 

[0014] The electrically conductive material may comprise crystalline carbon 
particles (e.g., graphite), amorphous carbon particles (e.g., carbon black), or 
mixtures thereof. The carbon particles may be in various physical forms including 
powders, flakes and fibers. Preferably, the electrically conductive material 

30 comprises graphite. 

[0015] The choice of binder for use in the method of the invention is critical. 
Phenolic resins are particularly advantageous when used as a binder in the 
method of the invention. Specifically, phenolic resins thermoset to form a cross- 
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linked structure with the high levels of dimensional, chemical and thermal stability 
required in fuel cell electrodes. However, all phenolic resins may not be suitable 
for use as a binder in the method of the invention. First, liquid phenolic resins are 
generally not preferred for use as the binder in the method of the invention as the 
5 molding steps of the method require a solid binder for ease of handling and 

processability. Second, the solid phenolic resin used in the method should be 
friable or grindable by conventional grinding, milling or pulverizing methods known 
in the art. This allows the binder to be ground to a particle size that is most 
suitable for molding into the electrode. Third, the phenolic resin must be 

10 essentially free of nitrogen and nitrogen-containing compounds. The term 

"essentially free of nitrogen and nitrogen-containing compounds" means that 
nitrogen and nitrogen-containing compounds are not present in the phenolic resin 
above the levels commonly associated with trace impurities in phenolic resins. 
[0016] Normally, phenolic resins are cured with either hexamethylene- 

15 tetraamine or with single stage resins which supply the necessary formaldehyde 

functionality to cure the novolac. However, in the present invention, a single stage 
phenolic resin (i.e., a resole) that is solid and grindable as well as essentially free 
of nitrogen and nitrogen-containing compounds is required for optimal 
performance of the fuel cell electrode. This is not possible with conventional 

20 phenol/formaldehyde single stage resins as all single stage resins are liquids 

unless nitrogen bearing compounds such as amines and amides are added to the 
cook. These nitrogen bearing compounds serve to raise the glass transition 
temperature (T g ) to a point which renders the polymer grindable. However, as 
detailed above, the presence of these nitrogen compounds interferes with the 

25 application and longevity of the fuel cell electrodes. Therefore, it is critical that a 
solid, grindable resole resin that is essentially free of nitrogen and nitrogen- 
containing compounds be used in the method of the invention. 
[0017] One example binder is a solid grindable single stage thermosetting 
resole resin which is essentially free of nitrogen and nitrogen-containing 

30 compounds and which comprises the reaction product of a bisphenol and a molar 
excess of an aldehyde. Preferably, the aldehyde is formaldehyde and the 
bisphenol comprises a material have the following formula I: 
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(I) 



wherein R and R 1 are independently alkyl, aryl, arylalkyl or H, and X is a direct 
bond, sulfonyl, or alkylidene, wherein alkylidene is defined by the following 
Formula II: 

10 R 2 

I 

C (II) 

I 

R 3 

15 

wherein R 2 and R 3 are independently selected from H, alkyl, aryl, arylalkyl, 
halogenated alkyl, halogenated aryl and halogenated arylalkyl. Most preferably, 
the aldehyde is formaldehyde and the bisphenol is bisphenol A wherein R and R 1 
are H, X is a alkylidene, and R 2 and R 3 are methyl. Preferably, the resole binder 
20 has a glass transition temperature of 104°F or greater, a softening temperature 
between the range of 140°F and 180°F, and a particle size between the range of 
about 25 to about 100 microns. 

[0018] Another example binder is a solid grindable thermosetting single stage 
resole resin which is essentially free of nitrogen and nitrogen-containing 

25 compounds and which comprises the reaction product of (a) a mixture of (i) a 

bisphenol and (ii) a phenol or a substituted phenol such as cresol, and (b) a molar 
excess of an aldehyde (in relation to the total moles of phenolic compounds). 
Preferably, the aldehyde is formaldehyde, the bisphenol is bisphenol A as 
described above, and the phenol is phenol itself. Preferably, the molar ratio of 

30 bisphenol A to phenol is 0.1 to 1 .7, and most preferably the molar ratio of 
bisphenol A to phenol is less than 2.0 to 1 . This resole binder has a glass 
transition temperature of 104°F or greater, a softening temperature between the 
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range of 150°F and 180°F, and a particle size between the range of about 25 to 
about 100 microns. 

[0019] A specific example of the binder is a solid grindable thermosetting 
single stage bisphenol A resole resin which is essentially free of nitrogen and 
5 nitrogen-containing compounds and is commercially available from Rutgers- 

Plenco LLC, Sheboygan, Wisconsin, USA under the designation Rutgers-Plenco 
12780. This resole resin has a glass transition temperature of about 106°F, a 
softening temperature of about 167°F, and a particle size between the range of 
about 45 to about 75 microns. 

10 [0020] An electrocatalyst may be applied to the electrode after consolidating 
the electrically conductive material and the resole binder. Non-limiting examples 
of electrocatalysts include platinum metal, palladium metal, rhodium metal, iridium 
metal, ruthenium metal, osmium metal, gold metal, platinum alloys, palladium 
alloys, rhodium alloys, iridium alloys, ruthenium alloys, osmium alloys, gold alloys, 

15 and mixtures thereof. The electrocatalyst is supported on the electrically 
conductive carbon particles. 

[0021] Optionally, the electrically conductive material and the resole binder are 
applied to a support structure before consolidating the electrically conductive 
material and the resole binder. Non-limiting examples of suitable support 
20 structures include woven fabrics, non-woven fabrics, and meshes formed from 
materials such as carbon, metals, glass, and polymeric materials including 
polyolefins (e.g., polyethylene or polypropylene), nylon and 
polytetrafluoroethylene. 

[0022] Fuel cell electrodes formed according to the present invention may then 
25 be placed on opposite sides of a commercially available polymeric electrolyte 
membrane to serve as the anode and the cathode of a polymer electrolyte fuel 
cell. The fuel cell can generate electrical power by bringing a fuel (e.g., hydrogen) 
into contact with the anode (which comprises a fuel cell electrode formed 
according to the invention) and an oxidant (e.g., oxygen) into contact with the 
30 cathode (which also comprises a fuel cell electrode formed according to the 
invention). 

[0023] In one example method according to the invention, the electrically 
conductive material and the solid grindable resole binder (which is essentially free 
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of nitrogen and nitrogen-containing compounds) are mixed together to form a 
mixture, and the mixture is shaped into a sheet. The sheet is then heated to an 
elevated temperature above the softening temperature of the solid grindable 
resole binder, and held at the elevated temperature for a sufficient time period to 
5 consolidate the electrically conductive material and the resole binder to form the 
electrode. Optionally, pressure may be applied to the mixture when shaping the 
sheet, and/or pressure may be applied to the sheet during heating. An 
electrocatalyst may then be applied to the electrode. 

[0024] In another example method according to the invention, 70 wt.% to 90 

10 wt.% of graphite particles and 10 wt.% to 30 wt.% of a solid grindable resole resin 
which is essentially free of nitrogen and nitrogen-containing compounds and 
which comprises the reaction product of a bisphenol and a molar excess of an 
aldehyde are mixed together to form a mixture, and the mixture is shaped into a 
sheet. The sheet is then heated to an elevated temperature above the softening 

15 temperature of the solid grindable resole binder, and held at the elevated 

temperature for a sufficient time period to consolidate the electrically conductive 
material and the resole binder to form the electrode. Optionally, pressure may be 
applied to the mixture when shaping the sheet, and/or pressure may be applied to 
the sheet during heating. An electrocatalyst may then be applied to the electrode. 

20 [0025] In yet another example method according to the invention, 70 wt.% to 
90 wt.% of graphite particles and 10 wt.% to 30 wt.% of a solid grindable 
bisphenol A resole resin commercially available from Rutgers-Plenco LLC, 
Sheboygan, Wisconsin, USA under the designation Rutgers-Plenco 12780 are 
mixed together to form a mixture, and the mixture is shaped into a sheet 1 2 inches 

25 wide by 12 inches long by 0.10 inches thick. The sheet is then heated to 300°F, 
and held at 300°F for 10 minutes to consolidate the graphite particles and the 
resole binder to form the electrode. Optionally, 1 ,000 psi to 15,000 psi of pressure 
may be applied to the mixture when shaping the sheet, and/or 1,000 psi to 15,000 
psi of pressure may be applied to the sheet during heating. A platinum 

30 electrocatalyst may then be applied to the electrode. 

[0026] Although the present invention has been described with reference to 
certain embodiments, the present invention can be practiced by other than the 
described embodiments, which have been presented for purposes of illustration 



- 7 - 



and not of .imitation. Therefore, the scope of the appended c.aims shou.d not be 
limited to the description of the embodiments contained here.n. 
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